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1
IMAGE PROCESSING APPARATUS FOR
REMOVING HAZE CONTAINED IN STILL
IMAGE AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a continuation of International
Patent Application No. PCT/KR2013/003855, filed May 3,
2013, which claims priority to Korean Patent Application No.
10-2012-0046710, filed on May 3, 2012. The disclosures of
the above-listed application are hereby incorporated by ref-
erence herein in their entirety.

TECHNICAL FIELD

The present disclosure in one or more embodiments relates
to an image processing apparatus and method for removing
haze contained in a still image.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Haze is an atmospheric phenomenon of water vapor float-
ing in the form of condensed droplets. A hazy environment
typically causes an obstruction to vision of less than 1 km of
visibility. Such a foggy weather introduces particulate water
droplets which in turn cause scattering of light. The scattering
of light represents directional changes of traveling light as it
collides with airborne particles. The light scattering differs by
the wavelength of light and the particle size.

Light scattering can be generally divided into Rayleigh
scattering and Mie scattering. The Rayleigh scattering applies
when the size of the particles that cause the scattering is
smaller than the wavelength of light where the scattering
energy is inversely proportional to the fourth power of the
wavelength. This is exemplified by the blue hue of the sky in
a sunny day when air molecules scatter the light by scattering
more blue than red. However, the Mie scattering theory
applies to the light scattering when the size of the responsible
particles is greater than the wavelength of light. Haze follows
the Mie scattering theory since the particles of haze have the
diameter as large as a few um to a few tens of um over the
wavelength of 400 nm~700 nm of visible light. According to
the Mie scattering theory, with larger scattering particles like
water droplets in the atmosphere, the amount of scattering is
less influenced by the wavelength to cause near-even scatter-
ing of all the light in the visible light zone. Therefore, when
the condition is hazy, objects exhibit a blurred image. A new
light source called airlight is generated.

Image quality improvement through correction of the haze
distortion may resolve the visibility obstruction and sharpen
fuzzy images. In addition, such image quality improvement is
apre-processing step for recognition ofthe subjects by restor-
ing damaged information on letters, objects, and the like due
to the haze.

Dehazing technologies may be roughly categorized into a
non-model approach and a model approach.

An example of the non-model approach includes histo-
gram equalization. The histogram equalization is a method
for analyzing a histogram of an image to adjust distribution.
Thehistogram equalization is easily achieved and provides an
improved effect in some situations, but is not proper for a hazy
image having a non-uniform depth in other situations. In
addition, the histogram equalization is proper for improving
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2

general image quality in some situations, but does not satis-
factorily reflect characteristics of an influence that haze has
on an image in other situations. For an image containing thick
haze, improvement is insignificant in some situations.

The model approach includes modeling an influence that a
scattering phenomenon of light due to haze has on an image.
A technology includes comparing two or more images
obtained in different weathers to estimate and correct a scene
depth, thereby correcting distortion due to haze. This tech-
nology uses input of at least two images under different
weathers. For a real-time implementation, weather changes
are monitored and images are stored. In some situations, it is
difficult to determine a storage period since it is difficult to
predict a weather change cycle. In some situations, images of
the same scene are to be captured, which is difficult due to
moving objects causing errors during estimation of the degree
of haze distortion.

Another technology for correcting distortion due to haze
includes estimating and subtracting the amount of change of
pixel values of an image due to the haze. This technology is
based on the assumption that the haze is uniform, which is
best applicable to uniform and thin haze. However, most real
world haze tends to be non-uniform. In addition to the
assumption that the haze is uniform, the degree of the haze
influence further depends on the distance between a camera
and an object.

Other image contrast improvement methods, such as his-
togram equalization or gamma correction, may improve a
contrast over an image. In some situations, the image contrast
is difficult to improve in a hazy image having a contrast
decreasing differentially by depth information of the image.

SUMMARY

In accordance with some embodiments of the present dis-
closure, an image processing apparatus for removing haze
from an image, comprises a haze brightness measurer, a trans-
mission estimator and an image reconstructor. The haze
brightness measurer is configured to measure haze brightness
in the image. The transmission estimator is configured to
estimate a blockwise transmission based on a final cost func-
tion value calculated by a contrast and an image loss of the
image, and to estimate a pixelwise transmission by using the
blockwise transmission. The image reconstructor is config-
ured to generate a reconstructed image by using the haze
brightness and the pixelwise transmission.

In accordance with some embodiments of the present dis-
closure, a method performed by at least one processor for
dehazing an image comprises (a) measuring haze brightness
in the image; (b) estimating a blockwise transmission based
on a final cost function value calculated by a contrast and an
image loss of the image, and estimating a pixelwise transmis-
sion by using the blockwise transmission; and (¢) generating
a reconstructed image by removing haze from the image
using the haze brightness and the pixelwise transmission.

In accordance with some embodiments of the present dis-
closure, a non-transitory computer readable medium contains
executable codes for causing, when executed by at least one
processor, the at least one processor to perform the method as
described above.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a configuration of an image
processing apparatus for removing haze contained in a still
image according to at least one embodiment.
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FIG. 2 is a block diagram of a detailed configuration of a
haze brightness measurer shown in FIG. 1.

FIG. 3 is a block diagram of a detailed configuration of a
blockwise transmission estimator shown in FIG. 1.

FIG. 4 is a diagram for illustrating a concept of image loss
minimization.

FIG. 5 is a flowchart of a method for reconstructing a still
image containing haze, performed by an image processing
apparatus according to at least one embodiment.

FIG. 6 is a diagram showing an example screen with an
edge-preserving filter applied according to at least one
embodiment.

FIG. 7 is a flowchart of a method for measuring haze
brightness, performed by an image processing apparatus
according to at least one embodiment.

FIG. 8 is a flowchart of a method for detecting a blockwise
transmission, performed by an image processing apparatus
according to at least one embodiment.

DETAILED DESCRIPTION

Hereinafter, at least one embodiment of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings.

In the present disclosure, haze may be atmospheric mist or
fog. Alternatively, the haze may be yellow sand, dust, or
airborne matters. Other environments and/or conditions with
haze are within the scope of various embodiments.

An image processing apparatus in accordance with some
embodiments reconstructs an image containing haze using
Equation 1.

L=J 1 (1-1,)4

. Equation 1

Here, 1, is a brightness value of a pixel p of an obtained
image (or input image or hazy image, e.g., an image influ-
enced by haze), ], is the brightness value of the pixel p of the
reconstructed image (or output image, e.g., a dehazed image
oran image not influenced by haze), t,, is a transmission which
indicates a concentration rate of the haze that is transmitted to
pixel p from a pixel selected as a haze brightness, and A is a
haze brightness value.

In one or more embodiments, the image processing appa-
ratus generates a cost function taking into account of a con-
trast E and an image loss E; which may be incurred when
improving the contrast, calculates a transmission ‘t” by which
the least cost function value is generated, and reconstructs a
dehazed image by using Equation 1.

Hereinafter, reconstruction of a still image containing
haze, performed by the image processing apparatus using
Equation 1 will be described with reference to the drawings.

FIG. 1 is a block diagram of a configuration of an image
processing apparatus for removing haze contained in a still
image according to at least one embodiment. FIG. 2 is a block
diagram of a detailed configuration of a haze brightness mea-
surer shown in FIG. 1. FIG. 3 is a block diagram of a detailed
configuration of a blockwise transmission estimator shown in
FIG. 1.FIG. 4 is a diagram for illustrating a concept of image
loss minimization.

Referring to FIG. 1, an image processing apparatus 100 for
removing haze included in a still image includes a haze
brightness measurer 110, a blockwise transmission estimator
120, a pixelwise transmission estimator 130 and an image
reconstructor 140.

The haze brightness measurer 110 partitions an image con-
taining haze into a predetermined number of blocks to obtain
arepresentative value for each block, selects block having the
largest representative value among the obtained representa-
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tive values, and repeats to partition the selected block into the
predetermined number of blocks until the area of the selected
block gets equal to or less than a preset area and to obtain a
representative value, and thereby obtains haze brightness.
The image containing the haze may be a still image in one or
more embodiments.

In some embodiments, to obtain the haze brightness, it is
assumed in one or more embodiments that ‘haze is atmo-
spheric light arrived from the sun (or another light source) and
thus has a high brightness value’ and that ‘a pixel value (e.g.,
a brightness value of a pixel) influenced by haze approxi-
mates the haze brightness’. In addition, referring to Equation
1, the obtained image is influenced by haze in proportion to
the transmission. Therefore, since most values of a region
greatly influenced by the haze are distributed around the haze
value, a standard deviation is reduced.

When combining the above two assumptions, the haze
brightness value has a high brightness value in the image and
is obtainable from the region most greatly influenced by the
haze. In some situations where the haze brightness is selected
as the brightest pixel value of the entire obtained image, if a
white object is included in the obtained image, the white
object may be inaccurately selected as the haze brightness. As
a solution, in some embodiments, the obtained image is
divided into blocks which are gradually reduced to smaller
sizes which are then detected, in order to narrow down the
candidate haze brightness values to the minimum (e.g., a
block with a preset area or smaller) wherein most of the
component pixel values are considered as influenced by the
haze brightness value, and then the brightest pixel value in the
block with the preset area or smaller is selected as the haze
brightness value with little concern for probable errors. Con-
sequently, the haze brightness measurer 110 may select the
brightest pixel value as the haze brightness value.

Referring to FIG. 2, the haze brightness measurer 110
includes an image partitioning module 112, a representative
value computing module 114, and a pixel value selecting
module 116.

The image partitioning module 112 partitions an image
containing haze into a predetermined number of blocks. The
predetermined number of blocks may be four in one or more
embodiments.

To obtain a representative value for each block, the image
partitioning module 112 uses, in one or more embodiments,
the average brightness and standard deviation of pixel values
in each block. The average brightness and standard deviation
may differ depending upon the size of each block. For
example, to obtain a representative value by using a block
having size 20x20, a representative value may be selected to
be high at the presence of a bright object, such as a white
building or white vehicle in a hazeless region. Increasing the
size of the block will render the representative value to be
selected from a more haze side while making the haze bright-
ness value difficult to find in the block. For this reason, by
partitioning an image into blocks, blocks are gradually
reduced to smaller sizes to narrow down the candidate haze
brightness values.

The representative value computing module 114 obtains
the average and standard deviation of pixels for each of the
blocks partitioned by the image partitioning module 112, and
obtains a representative value of each block based on a dif-
ference between the average and standard deviation of the
respective block.

That is, the haze brightness value has a high brightness
value in the image and is obtainable from the region that is
most affected by the haze. Since most values of the region
greatly influenced by the haze are distributed around the haze
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brightness value, a standard deviation is reduced. In order to
obtain the haze brightness value, therefore, the representative
value computing module 114 calculates a representative
value as a difference of the average and standard deviation of
each block.

The pixel value selecting module 116 selects the block
having the largest representative value from those obtained
for the respective blocks and, when the area of the selected
block is equal to or less than a preset area, selects the brightest
pixel value of the selected block as the haze brightness.

In the case that the block sizes are narrowed down to a final
value (a block with the preset area or smaller), most of the
pixel values in the block are considered as influenced by the
haze brightness value, which leaves little concern for prob-
able errors even when selecting the brightest pixel value as the
haze brightness value. Accordingly, when the block area gets
equal to the preset area or smaller, the pixel value selecting
module 116 selects the brightest pixel value as the haze
brightness value.

The pixel value selecting module 116 selects the block
having the largest representative value and determines
whether the area of the selected block is equal to or less than
the preset area. The preset area of the block is determined as
a multiplication of length (number of pixels) by width (num-
ber of pixels) of the block. In at least one embodiment, the
preset area may be, for example, 200. Upon determining that
the area of the selected block becomes equal to or less than
200, the pixel value selecting module 116 selects the brightest
pixel value of the selected block and estimates the selected
pixel value as the haze brightness.

Upon determining that the area of the selected block is
greater than 200, the process returns to the image partitioning
module 112 which then partitions the selected block into a
predetermined number (e.g., 4) of smaller blocks. The repre-
sentative value computing module 114 then obtains a repre-
sentative value for each smaller block. The pixel value select-
ing module 116 then selects one of the smaller blocks having
the largest representative value, and determines whether the
area of the selected smaller block is equal to or less than the
preset area. The process is repeated until this process selects
ablock having an area equal to or less than the preset area, and
the pixel value selecting module 116 estimates the brightest
pixel value of the selected block as the haze brightness.

Referring back to FIG. 1, the blockwise transmission esti-
mator 120 partitions the image containing the haze into a
predetermined number of blocks, obtains a contrast per block
and an image loss per block, and estimates a blockwise trans-
mission by using a final cost function calculated by the con-
trast and the image loss.

Referring to FIG. 3, the blockwise transmission estimator
120 includes an image partitioning module 122, a cost func-
tion calculating module 124, a final cost function calculating
module 126 and a blockwise transmission detecting module
128.

The image partitioning module 122 partitions the image
containing the haze into a predetermined number of blocks. If
the size of each block is too small, it is difficult in one or more
embodiments to estimate a transmission. For this reason, the
minimum size of each block is set to 16x16 or more in one or
more embodiments. The number of the blocks may be arbi-
trarily determined. Image partitioning is performed to com-
pensate for a haze component in consideration of the effect of
non-uniform haze. The number of the blocks based on image
partitioning may be properly determined in consideration of
hardware complexity.

In addition, Equation 1 is used to reconstruct an image. In
atleast one embodiment, only information on the haze bright-
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6

ness value obtained by the haze brightness measurer 110
leaves an underdetermined problem where the equation is
overdominated by unknown quantities in calculating trans-
mission t, and reconstructed brightness value J, for each
pixel. On the assumption that transmission t,, in the block is
uniform (and referred to herein as blockwise transmission)
for all pixels in the block, therefore, the number of the
unknown quantities may be greatly reduced to B+1 for B
equations (where B is the number of pixels in the block). The
image is partitioned in consideration of local depth informa-
tion (i.e., blockwise transmission) because an assumption
that the whole undivided image has a single uniform trans-
mission ‘t” precludes, in some situations, an adaptive com-
pensation for image deterioration according to image depth
information.

The cost function calculating module 124 calculates a con-
trast and an image loss for each of the blocks partitioned by
the image partitioning module 122 while changing the trans-
mission t within a predetermined range by a predetermined
rate.

To calculate transmission ‘t’, the following conditions are
to be satisfied in one or more embodiments: (1) the output
image contrast determined based on transmission ‘t’ to be
large and (2) the output image loss determined based on
transmission ‘t’ to be small.

In one or more embodiments, the cost function calculating
module 124 generates cost functions considering a contrast
Eand an image loss E; which may be incurred when improv-
ing the contrast, and calculates a contrast and an image loss by
using the corresponding cost functions.

In one or more embodiments, the cost function calculating
module 124 includes a contrast calculating module 1244 for
obtaining a contrast and an image loss calculating module
12454 for obtaining an image loss.

The contrast calculating module 1244 obtains a contrast (or
cost function) E,. by using variance 8* based on a brightness
value of each pixel in each block as represented by Equation
2.

Equation 2

Ec=

N 2
e (p =)
N
=1

Here, N is the number of pixels in each block, J, is the
brightness value at pixel p in the block as described herein,
and T is the average brightness value of J, at all pixels in the
block.

Equation 2 uses RMS (root mean square) contrast. In the
RMS contrast, the contrast is measured by using a variance
value of the image.

In one or more embodiments, for the sake of the desired
large contrast of the output image determined by transmission
‘t’, various cost function values based on Equation 2 are
generated for various values of the transmission t, and for the
purpose of finding transmission ‘t” by which its cost function
is generated to have the least (optimized) value and based on
the fact that the RMS contrast increases the value of contrast
as it improves, a minus (=) symbol is added to the cost func-
tion such that the cost function is decreased as the transmis-
sion is decreased.

In other words, the contrast calculating module 1244 car-
ries out a blockwise multiplication by -1 (minus one) of
variance generated by using a brightness value of each pixel
to calculate a contrast. Equation 2 may be referred to as a first
cost function (or a contrast improving cost function). The first
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cost function is a function for finding a transmission by which
a contrast of a reconstructed image is maximized. In some
situations, a blockwise transmission maximizing the contrast
converges on ‘0’. As the blockwise transmission converges on
‘0’, an input pixel value-to-output pixel value is determined to
be exceeding a predetermined pixel value range. An example
predetermined pixel value range is from 0 to 255, which is the
pixel value range generally used by a computer for image
handling or processing.

When the blockwise transmission converges on “0’, output
pixel values equal to or less than ‘0’ or equal to or greater than
255’ are present as an image loss which is to be minimized in
one or more embodiments. The image loss refers to an amount
obtained when output pixel values equal to or less than ‘0’ or
equal to or greater than ‘255’ are rounded off to 0 and 255,
respectively.

In one or more embodiments, to minimize the image loss,
the image loss calculating module 1245 calculates an image
loss per block by using a second cost function according to
Equation 3.

2 2
EL:Z 0=1,) +Z (J, —255)
N N

p<0 p>255

Equation 3

When graphically expressing the concept of Equation 3,
FIG. 4 shows the corresponding area of region A.

Referring to FIG. 4, region A corresponds to pixel values
equal to or less than ‘0’ or equal to or greater than ‘255, i.e.,
an image loss.

After the contrast and the image loss are obtained through
Equations 2 and 3, the final cost function calculating module
126 obtains a final cost function value for each block based on
the obtained contrast and image loss of the respective block.

To calculate transmission ‘t’, the following conditions are
to be satisfied in one or more embodiments: (1) the output
image contrast determined based on transmission ‘t’ to be
large and (2) the output image loss determined based on
transmission ‘t” to be small. In search of a transmission that
satisfies the above two conditions, the two conditions are to be
transformed into a final cost function to find a transmission
for generating the least final cost function value. In other
words, when the final cost function comes to have the least
value, it is considered, in one or more embodiments, that a
contrast of an output image is large, and an image loss is
small.

A final cost function includes both of the two conditions. In
some embodiments, when the blockwise transmission is cal-
culated, a final cost function such as Equation 4 including
both of the conditions is generated for use in calculating the
final cost function value.

E=E+ME; Equation 4

Here, E is a final cost function value of each block, E a
contrast value of the respective block, E; an image loss of the
respective block, and A, an image loss coefficient.

The blockwise transmission detecting module 128 detects
a transmission generating a least final cost function value
from the final cost function values calculated by the final cost
function calculating module 126 as a blockwise transmission.
In particular, the blockwise transmission is a value ranging
from O to 1. In at least one embodiment, the blockwise trans-
mission detecting module 128 calculates final cost function
values while changing values of the transmission from 0 to 1
and detects a transmission for generating a least final cost
function value from the calculated final cost function value as
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the blockwise transmission. The values of the transmission
from Oto 1 may include, in one or more embodiments, 0.1, 0.2
and so on. The values of the transmission may be changed at
any intervals or rates in one or more embodiments.

Referring back to FIG. 1, the pixelwise transmission esti-
mator 130 applies the blockwise transmission detected by the
blockwise transmission estimator 120 to convert the block-
wise transmission of each block into a pixelwise transmis-
sion, i.e., an individual transmission for each pixel in the
block. in one or more embodiments, an edge preserving filter
is used for such conversion. The edge-preserving filter gen-
erates pixelwise approximate transmissions by using pixel
values of the input image (i.e., the obtained image containing
haze).

In one or more embodiments, the pixelwise transmission
estimator 130 calculates a pixelwise approximate transmis-
sion by using Equation 5.

=al,+b Equation 5

Here fp is a pixelwise approximate transmission at pixel p,
L, is brightness value at pixel p of the input image captured by
a camera, and a and b are variables of a linear function
calculated by applying the edge-preserving filter.

In one or more embodiments, an input image has bright-
ness values between 0 and 255 while transmission t has a
value between 0 and 1. In at least one embodiment, Equation
5 is to express ‘t” with an input image by scaling down the
brightness values of the input image between 0 and 255 to 0-1
through the variables a and b and by approximating the size
(the average value).

Therefore, the pixelwise transmission estimator 130 calcu-
lates such variables a and b that generate the least difference
between the blockwise transmission and the approximate
transmission to obtain a pixelwise transmission. In some
embodiments, the variables a and b are calculated by using a
window of size W and, with a shift to the next pixel, a and b
are calculated. In an overlapped region, the variables a and b
are averaged.

In one or more embodiments, Equation 6 is defined as
follows to minimize the difference between the blockwise
transmission and the approximate transmission.

EPEB(ZP—EP)2 Equation 6

Here, p is a pixel in a block of size B (i.e., the block has B
pixels), t, is the blockwise transmission determined by the
blockwise transmission estimator 120 for the block and t,, is a
pixelwise approximate transmission at pixel p.

In one or more embodiments, to find a and b for generating
Equation 6 with the least value, the pixelwise transmission
estimator 130 uses a least square method used in linear alge-
bra.

Therefore, the pixelwise transmission estimator 130
detects the approximate transmission based on variables aand
b obtained through the least square method as a pixelwise
transmission. For example, the pair of values a and b, that has
been found to result in Equation 6 having the least value, is
applied to Equation 5 to calculate the pixelwise transmission
for each pixel p in block B.

Data of an image changes by every pixel. however, as the
blockwise transmission has been calculated in blocks, a
blocking effect is exhibited at the boundaries of the blocks,
due to differences between the blockwise transmission of
each of the neighboring blocks. The blocking effect is a
phenomenon in which the pixel values differ greatly at the
boundaries of the blocks. In one or more embodiments, to
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remove the blocking effect, the blockwise transmission cal-
culated in blocks is converted into a pixelwise transmission
for each pixel.

The blockwise transmission estimator 120 and the pixel-
wise transmission estimator 130 may be configured as a
single component in one or more embodiments. In this case,
the blockwise transmission estimator 120 and the pixelwise
transmission estimator 130 may be integrated into a single
transmission estimator.

The image reconstructor 140 removes haze from the input
image by using the haze brightness obtained by the haze
brightness measurer 110 and the pixelwise transmission
obtained by the pixelwise transmission estimator 130.

In one or more embodiments, the image reconstructor 140
generates a dehazed image by using Equation 7 which is
equivalent to Equation 1.

Equation 7

Here, I, is the brightness value of pixel p in the input image
captured by a camera, J, is the brightness value of pixel p in
the reconstructed (or dehazed) image, A is the haze bright-
ness, and t,, is a pixelwise transmission at pixel p.

FIG. 5 1s a flowchart of a method for reconstructing (or
dehazing) a still image containing haze, performed by an
image processing apparatus according to at least one embodi-
ment, and FIG. 6 is a diagram showing an example of a screen
as applied with an edge-preserving filter according to at least
one embodiment.

Referring to FIG. 5, when an image containing haze is
input to the image processing apparatus (S502), it measures
(or calculates) the haze brightness in the image (S504). A
method for measuring the haze brightness in the image, per-
formed by the image processing apparatus, will be described
in detail with reference to FIG. 7.

Upon completing step S504, the image processing appara-
tus estimates a blockwise transmission for each block after
partitioning the image containing the haze into a predeter-
mined number of blocks (S506).

A method performed by the image processing apparatus
for estimating the blockwise transmission will be described in
detail with reference to FIG. 8.

Upon completing step S506, the image processing appara-
tus converts the blockwise transmission for each block into a
pixelwise transmission at each pixel by subjecting the block-
wise transmission to an edge-preserving filter (S508).

Subsequently, the image processing apparatus generates a
dehazed image by using Equation 7, using the haze brightness
and the pixelwise transmission (S510).

The following description addresses a case of the image
processing apparatus applying an edge-preserving filter to an
image containing haze with reference to FIG. 6.

Referring to FIG. 6, when a still image containing haze as
shown in FIG. 6 (a) is applied with a blockwise transmission,
the resultant image obtained is as shown in FIG. 6 (b). A
pixelwise transmission through the edge-preserving filter is
applied to the image in FIG. 6(b) to obtain an image as shown
in FIG. 6 (¢). The image in FIG. 6 (¢) may be an image
obtained by estimating a concentration of haze per pixel
through the calculation of the transmission and differentially
removing the haze for each pixel.

FIG. 7 is a flowchart of a method for measuring haze
brightness, performed by an image processing apparatus
according to at least one embodiment.
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Referring to FIG. 7, the image processing apparatus parti-
tions an image containing haze into four blocks (S702), and
calculates the pixel average and standard deviation for each
block (S704).

Then, the image processing apparatus calculates a repre-
sentative value per block, generated based on the pixel aver-
age and standard deviation for each block (S706). For
example, the representative value is a difference between the
pixel average and standard deviation for each block.

Subsequently, the image processing apparatus selects one
of the blocks having the largest representative value among
the calculated representative values (S708), and determines
whether the area of the selected block is equal to or less than
200 (S8710).

Upon determining in step S710 that the area of the selected
block is equal to or less than 200, the image processing
apparatus selects and defines the brightest pixel value from
the selected block as the haze brightness (S712).

If step S710 determines that the area of the selected block
is greater than 200, on the other hand, the image processing
apparatus returns to step S702.

FIG. 8 is a flowchart of a method for detecting a blockwise
transmission, performed by an image processing apparatus
according to at least one embodiment.

Referring to FIG. 8, the image processing apparatus parti-
tions an image containing haze into blocks of size B (S802).

Subsequent to step S802, the image processing apparatus
calculates a contrast and an image loss for each block while
changing the transmission t in a predetermined range by a
predetermined rate (S804), e.g., for values of the transmission
tat 0.1, 0.2, etc. The method performed by the image pro-
cessing apparatus for calculating the contrast and the image
loss has been described above in detail with reference to FIG.
3.

Subsequent to step S804, the image processing apparatus
calculates a final cost function value per block based on the
contrast and the image loss (S806), and selects a transmission
for generating a least final cost function from the calculated
final cost function values (S808).

Then, the image processing apparatus detects the selected
transmission as a blockwise transmission (S810). For
example, for a value of the transmission t, e.g., for t=0.1, the
value of t=0.1 is applied to Equation 7 to calculate pixel value
], at each pixel p for t=0.1, based on pixel value 1, of pixel p
in the input image and the calculated haze brightness value A.
The pixel values J,, for t=0.1 calculated for the pixels in each
block are used to calculate a final cost function value for t=0.1
based on Equations 2-4. Then, the transmission tis changed to
anext value, e.g., 0.2, and another final cost function value for
t=0.2 is calculated for the block, using Equations 7 and 2-4.
As a result, a plurality of final cost function values corre-
sponding to t=0.1,t=0.2, etc. are obtained. The least final cost
function value is selected from the obtained plurality of final
cost function values, and the corresponding value of the trans-
mission t is selected as the blockwise transmission for the
block. For example, assuming that the least final cost function
value is obtained at t=0.2, then the blockwise transmission for
the block is 0.2. This blockwise transmission (e.g., 0.2) is
used as 1, in Equation 6 to calculate a pair of a and b, which
result in the least value of Equation 6, for the corresponding
block. The calculated pair of a and b values is applied to
Equation 5 to calculate a pixelwise transmission for each
pixel p. The calculated pixelwise transmission for each pixel
p is applied to Equation 7 to calculate the pixel value Jp at
pixel p of the dehazed image.

The present disclosure may be used to improve a contrast
of an image in various fields, such as flight, airport manage-



US 9,336,577 B2

11

ment, transportation, marine transportation, underwater sur-
veillance, medical imaging (removal of a haze component
generated by gas in the patient’s body, etc.), agricultural
surveillance and video surveillance cameras.

At least one or some or all components of the image pro-
cessing apparatus 100, such as one or more of the haze bright-
ness measurer 110, blockwise transmission estimator 120,
pixelwise transmission estimator 130, image reconstructor
140, image partitioning module 112, representative value
computing module 114, pixel value selecting module 116,
image partitioning module 122, cost function calculating
module 124, final cost function calculating module 126, and
blockwise transmission detecting module 128, is/are imple-
mented by one or more processors and/or application-specific
integrated circuits (ASICs). In some embodiments, one or
more of the components is/are implemented in hardware, or
in the form of one or more computer programs having pro-
gram modules residing in one or more non-transitory com-
puter readable media for causing a processor or microproces-
sor to execute functions of the hardware equivalents. The
non-transitory computer readable media includes a ROM, a
RAM, a CD-ROM, a magnetic tape, a floppy disk, an optical
data storage device, magnetic recording media, optical
recording media and the like. For example, removal of the
haze from the still image may be implemented as a program
stored on a non-transitory computer readable medium. Codes
or code segments constituting such a program are understood
by a person ordinarily skilled in the art and are within the
scope of various embodiments.

As described above, embodiments in the present disclosure
are highly useful for application in an image processing appa-
ratus and method for effectively estimating and removing a
haze component from a still image to improve image quality
and differentially improving a contrast based on depth infor-
mation of the image. In some embodiments, a concentration
of haze per pixel may be estimated through calculation of a
transmission and the haze may be differentially removed per
pixel, thereby effectively removing the haze from an image
irrespective of how the haze is distributed in the image.

Although exemplary embodiments of the present disclo-
sure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from various characteristics of the disclosure. Therefore,
exemplary embodiments of the present disclosure have been
described for the sake of brevity and clarity. Accordingly, one
of'ordinary skill would understand the scope of the disclosure
is not limited by the embodiments explicitly described above
but by the claims and equivalents thereof.

The invention claimed is:

1. An image processing apparatus for removing haze from
an image, the apparatus comprising:

a haze brightness measurer configured to measure haze

brightness in the image;

a transmission estimator configured to

estimate a blockwise transmission based on a final cost
function value calculated by a contrast and an image
loss of the image, and

estimate a pixelwise transmission by using the block-
wise transmission; and

an image reconstructor configured to generate a recon-

structed image by using the haze brightness and the
pixelwise transmission.

2. The image processing apparatus of claim 1, wherein the
haze brightness measurer comprises:

an image partitioning module configured to partition the

image into a predetermined first number of blocks;
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a representative value computing module configured to

calculate an average and standard deviation of pixel
values per block, and

calculate a representative value per block by using a
difference between the average and standard devia-
tion of the respective block; and
a pixel value selecting module configured to
select one of the blocks, having a largest representative
value among the representative values obtained for
the respective blocks and,

when the selected block has an area equal to or less than
a preset area, select a brightest pixel value of the
selected block as the haze brightness.

3. The image processing apparatus of claim 1, wherein the
transmission estimator comprises:

a blockwise transmission estimator configured to

partition the image into a predetermined second number
of blocks, and

estimate the blockwise transmission for each block by
using a final cost function calculated by a contrast and
an image loss per block; and

a pixelwise transmission estimator configured to convert
the blockwise transmission into the pixelwise transmis-
sion by applying an edge-preserving filter.

4. The image processing apparatus of claim 3, wherein the

blockwise transmission estimator comprises:

an image partitioning module configured to partition the
image into the predetermined second number of blocks;

a cost function calculating module configured to calculate
a contrast and an image loss per block while changing a
transmission to have various transmission values in a
predetermined range;

a final cost function calculating module configured to cal-
culate, for each of the various transmission values in the
predetermined range, a final cost function value per
block by using the contrast and the image loss; and

a blockwise transmission detecting module configured to
detect a transmission value corresponding to a least final
cost function value among the calculated final cost func-
tion values, as the blockwise transmission.

5. The image processing apparatus of claim 4, wherein the
cost function calculating module is configured to multiply a
variance generated from using a brightness value of each
pixel by -1 to obtain the contrast.

6. The image processing apparatus of claim 4, wherein the
cost function calculating module is configured to calculate
the image loss by using an area of a region having pixel values
less than ‘0’ or greater than “255°.

7. The image processing apparatus of claim 4, wherein the
predetermined range is between 0 and 1.

8. The image processing apparatus of claim 3, wherein the
pixelwise transmission estimator is configured to

obtain, for each pixel in a block, an approximate transmis-
sion,

calculate a variable value for generating a least difference
between the blockwise transmission of the block and the
approximate transmissions of the pixels in the block, and

estimate an approximate transmission based on the calcu-
lated variable value as the pixelwise transmission.

9. A method performed by at least one processor for dehaz-

ing an image, the method comprising:

(a) measuring haze brightness in the image;

(b) estimating a blockwise transmission based on a final
cost function value calculated by a contrast and an image
loss of the image, and estimating a pixelwise transmis-
sion by using the blockwise transmission; and
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(c) generating a reconstructed image by removing haze
from the image using the haze brightness and the pixel-
wise transmission.

10. The method of claim 9, wherein the (a) measuring of

the haze brightness comprises:

partitioning the image into a predetermined first number of
blocks;

calculating an average and standard deviation of pixel val-
ues for each of partitioned blocks;

calculating a representative value per block by using the
average and standard deviation;

selecting one of the blocks, having a largest representative
value among the representative values calculated for the
respective blocks;

determining whether the selected block has an area equal to
or less than a preset area; and

selecting a brightest pixel value of the selected block as the
haze brightness upon determining that the area of the
selected block is equal to or less than the preset area.

11. The method of claim 9, wherein the (b) estimating of

the blockwise transmission comprises:

partitioning the image into a predetermined second number
of blocks;

estimating the blockwise transmission by using a final cost
function calculated by a contrast and an image loss per
block; and

converting the blockwise transmission into the pixelwise
transmission by applying the blockwise transmission to
an edge-preserving filter.

12. The method of claim 11, wherein the estimating of the

blockwise transmission comprises:

14

calculating a contrast and an image loss per block while
changing a transmission to have various transmission
values in a predetermined range;
calculating, for each of the various transmission values in
the predetermined range, a final cost function value per
block by using the contrast and the image loss; and
detecting a transmission value corresponding to a least
final cost function value among the calculated final cost
function values, as the blockwise transmission.
13. The method of claim 11, wherein the converting of the
blockwise transmission comprises:
calculating, for each pixel in a block, an approximate trans-
mission;
calculating a variable value for generating a least differ-
ence between the blockwise transmission of the block
and the approximate transmissions of the pixels in the
block; and
estimating an approximate transmission based on the cal-
culated variable value, as the pixelwise transmission.
14. A non-transitory computer readable medium contain-
ing executable codes for causing, when executed by at least
one processor, the at least one processor to perform:
measuring haze brightness in an image;
estimating a blockwise transmission based on a final cost
function value calculated by a contrast and animage loss
of the image;
estimating a pixelwise transmission by using the blockwise
transmission; and
generating a reconstructed image by removing haze from
the image using the haze brightness and the pixelwise
transmission.



